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Motivation
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The background is a study of Merz et al.
on hydr'ological modeling in a transient Time stability of catchment model parameters: Implications for
climate for 273 catchments in Austria. climate impact analyses

Ralf Merz,' Juraj Parajka,” and Giinter Bloschl®
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[1] Clhimate mpact analyses are usually based on driving hydrological models by future
climate scenarios, assuming that the model parameters calibrated to past runoff are

Wha"' They dld. representative of the future. In this paper we calibrate the parameters of a conceptual
. . . rainfall-runoff model to six consecutive 5 year periods between 1976 and 2006 for 273
° MOdel calibration in 1976-81 catchments in Austria and analyze the temporal change of the calibrated parameters. The
. . . calibrated parameters representing snow and soil moisture processes show significant
° SlmUIG"'lon Of 1976'2006 , Wher'e pr‘€CI- trends. For example, the parameter controlling runoff generation doubled, on average, in the

3 decades. Comparisons of different subregions, comparisons with independent data sets,
and analyses of the spatial variability of the model parameters indicate that these trends
represent hydrological changes rather than calibration artifacts, The trends can be related to
changes in the climatc conditions of the catchments such as higher evapotranspiration and
drer catchment conditions in the more recent years. The simulations suggest that the mmpact
on simulated runoff of assuming time invanant parameters can be very significant. For
example, if using the parameters calibrated to 1976— 1981 for simulating runoff for the
Th f d . . l d d . h peniod 2001 —2006, the biases of median flows are, on average, 15% and the biases of high
eY ound: a simulate ISC Gr'ge flows are about 35%. The errors increase as the tme lag between the simulation and

increase Whlle -l-he ObserVGTionS ShOW calibration periods increases. The implications for hydrologie prediction in general and

climate impact analyses in particular are discussed.

pitation and temperature increased.

no Tr‘end' Citation: Merz. R J. Parajka, and G. Blaschl (2001). Time stability of catchment model pammetens: Implications for
analyses, Warter Resour. Res., 47, WO2531, doi: 101029201 0WROB505,
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Motivation

Several other studies show similar
problems (but not in all cases).

Are current hydrological models suitable
for climate change assessments?

To improve hydrological modeling under
climate change, we first need to know
the causes of these problems.

Our aim was therefore to revisit the
study by Merz et al. (2011) and find out
about the causes of the problem.
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Revisiting the study by Merz et al. (2011): Differences
between simulated and observed discharge changes

Methods
» Hydrological model: HBV, semi-distributed Discharge variations averaged over all catchments
* 156 catchments without glaciers, changes in
. i = Qsim
flow dlve.r'5|on‘s, daTa gaps 7 00 | A
« Automatic calibration in 1978-1982 and £ 1 - inear trend
simulation for 1978-2013 S 700t LB N
L1 Y A s Qobs
600 T “' ‘ I “‘ '.‘1‘,‘ V \ TV f —  5-yrmeans
| / u ‘ i “‘ = = = linear trend
500 " .
The gap between trends in Q,;, and LU R

Qups s 92 £ 50 mm yr! over the 35-
year period, on average over all
catchments.

Difference between trends in sim. and obs. discharge

mm y' per 35 yrs
300

The problem occurs in many catchments
spread all over Austria.
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Possible causes of the problem

We set up hypotheses for the possible
causes. Some could be classified as
unlikely after literature research or
based on process understanding.

For example, rating curve errors are
unlikely to occur in the same direction
for a large number of catchments. This
is therefore unlikely a relevant cause
for a large number of catchments.

We evaluated the other hypotheses
with modifications of the model
(examples on the next slides).

Working hypothesis

(1) Data problems

Problemsin the discharge data

Changesin abstractions or diversions

Rating curve errors

Problemsin the precipitation data
Inhomogeneities inthe precipitation data due to instrument changes

Inhomogeneities inthe gridded precipitation data due to changesin
the number of stations

Biased estimates of the precipitation trend due to changesin the catch
ratio caused by changes in the smow-to-rain ratio and changes in
precipitation intensities

Problemsin the air temperature data

Inhomogeneities inthe gridded air temperature data due to changesin
the number of stations

(2) Problems related to the model calibration

Too short calibration period

Objective function insensitive to long-term discharge variations

Internal inconsistencies due to calibration only to discharge

(2) Problems of the model structure

Effects of changesin radiation and saturation deficit not reflected by
the model

Effects of changesin the vegetation dynamics and land cover not
reflected by the model
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Hypotheses related to the model calibration

Effect of model modifications on the gap between
"A 5-year calibration period is too short." trends of simulated and observed discharge

Baseline model

"When calibrating to daily discharge
values, the sensitivity to long-term

changes is too low." Calibration over a

25-year period

Annually aggregated Q included
into the objective function

"Calibrating only to discharge

is not enough.” _ _ o
Snow included into the objective

function

0 50 100 150
Difference between trends in

These hypotheses are evaluated Q. and Q... (mm yr per 35 yrs)

using modifications of the model
.. but none of them reduces the
problem significantly.

Duethmann et al., 2020, Hydrol. Earth Syst. Sci. Discuss., https://doi.org/10.5194/hess-2019-652



Hypotheses related to
YP Number of stations included for the gridded

data PrObIems climate data sets used in the baseline model
1000 ///Jf\_’\
A possible problem are inhomogeneities S 800
in the input data. A varying number of t
: : < 600
gauges included for generating the S
gridded data sets would affect many é 40p
catchments. e
0

1980 1990 2000 2010

Modification: use a precipitation data

set based on a constant humber of
stations (instead of using all available Precipitation changes averaged over all catchments

stations as in Merz2011).

1400¢
—~1300
> I_I _ - PO 5-yr means
E 1200t — P1 5-yr means
. . = - — — = -PO0 linear trend
This reduces the gap between trends in 1 00lemts = = by rear
Qsim and Q< by 37 £ 26 mm yr-! over
the 35-year period. 1000}
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Model structural problems

Changes in global radiation

-
€ 10
=
The Blaney-Criddle approach applied for s
calculating E..¢ cannot take into account S
changes in other climate variables than e
air temperature (e.g. the increase in 8 -10 [ Trend: 5W m™ decade™
r'adia‘rion). e ‘Mean: 135 W m™
-20

1980 1990 2000 2010

Duethmann D, Bl6éschl G, Hydrol. Earth Syst. Sci., 2018
https://doi.org/10.5194/hess-22-5143-2018.

Effect of model modifications on the gap between
trends of simulated and observed discharge

Using a more physically based approach

for E,.¢ does not significantly reduce the Baseline model
problem. (Blaney-Criddle for E,)

Penman-Monteith for E,

0 50 100 150

Difference between trends in
Qsim and Qobs (mm yrl per 35 yrs)
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Model structural problems:
effects of vegetation “greening

Changes in vegetation dynamics, such
as a longer vegetation period, are not
considered by the HBV model.

Modification: Consider changes in
surface resistance based on a satellite-
based vegetation index (NDVI data
from AVHRR) for the calculation of E,.;.

This reduces the gap between trends in
Qsim and Q< by 35 £ 9 mm yr-! over
the 35-year period.

" Changes in NDVI
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Effect of model modifications on the gap between
trends of simulated and observed discharge

Baseline model

Consider vegetation dynamics
based on NDVI for E,

0 50 100 150

Difference between trends in
Qsim and Qobs (mm yrl per 35 yI’S)
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Conclusions and implications

For climate impact analyses, we need approaches that can consider changes in vegetation
dynamics (most conceptual hydrological models don't do thisl).

When studying long-term dynamics, it is very important to use climate data based on a
constant number of stations.

We need further studies on the causes of poor (and good) performance of hydrological
models in transient climate conditions to get a more complete picture on

in what cases what model structure components and what parameterization methods
result in poor model performance in a changing climate.

Ultimately, this will increase the robustness of hydrologic simulations in a changing climate.
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Discuss with usl!

What are your experiences with hydrological
modelling under changing climate conditions?

Should we avoid conceptual hydrological models in
climate change impact analyses?

What causes did you find for problems of simulating
long-term dynamics in a changing climate?

Are you working on this topic and interested in further discussion
and exchange of experiences?

See you and chat with us on Monday 4.5.2020 at 10:45!

duethmann@igb-berlin.de
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